Polymorphonuclear neutrophils (PMNs) or leukocytes serve as the first line of innate defense against invading microorganisms. They are potent in their antimicrobial capacities but nonselective in their targets; therefore, PMN activation is a double-edged sword. PMNs fulfill the task of eradicating an infection or responding to local tissue injury at the cost of significant collateral damage (1) . This can cause lifethreatening cell and tissue damage leading to severe inflammatory diseases such as sepsis, which comprises a complex clinical syndrome resulting from excessive and uncontrolled host responses to infection (2) . Therefore, the immune response must be tightly controlled by highly evolved and effective down-regulating mechanisms (3) .
The endogenous purine nucleoside adenosine has been shown to be physiologically involved in inhibiting activated immune cells and in protecting tissue from acute inflammatory damage (4) . Adenosine is released from metabolically active cells and accumulates in inflamed and damaged tissues (5) . It is a potent mediator that modulates numerous cell functions and exerts its effects via binding to four subtypes of G-protein coupled adenosine receptors: A 1 , A 2A , A 2B , and A 3 (6) . Activation of high-affinity A 1 and low-affinity A 3 receptor inhibits adenylyl cyclase activity, whereas activation of high-affinity A 2A and low-affinity A 2B adenosine receptors causes accumulation of intracellular cAMP. Antiinflammatory effects of adenosine are predominantly mediated by A 2A receptors (7, 8) and, as a second-line mechanism, by A 2B receptors (9, 10) . Furthermore, some data indicate that the A 3 subtype is also involved (11) (12) (13) . The extent of immunosuppression achieved by the activation of the adenosine signaling system depends not only on the extracellular adenosine levels but also on the expression of adenosine receptors, which has been shown to be cell type-specific (14) .
In this context it is noteworthy that-although an important topic with high clinical relevance-the expression of adenosine receptors by resting and stimulated leukocytes, and, in particular, by PMNs of sepsis patients, has not been analyzed conclusively before. Pharmacological and functional assays suggest that human PMNs express all four subtypes of adenosine receptors (15) (16) (17) (18) . Concerning adenosine receptor mRNA expression, only semiquantitative data are available (19, 20) , and uncertainties continue to exist: 1) whether all four subtypes are expressed on human PMNs; and 2) in which amounts the transcripts of adenosine receptor subtypes are expressed relative to each other.
Regulation of adenosine receptor expression in human PMNs has only been analyzed in in vitro stimulation assays so far. Using semiquantitative reverse transcriptase-polymerase chain reaction (RT-PCR) and functional analyses, these data provided evidence that A 2A receptor expression increases after stimulation with lipopolysaccharide (LPS) or with tumor necrosis factor ␣ (TNF-␣) (19) . The clinical relevance of these findings needs to be elucidated, particularly with regard to previously published studies that documented clinical importance of A 2A receptor regulation in circulating blood cells of patients with congestive heart failure and in lung parenchyma of patients with chronic obstructive pulmonary disease (COPD) (21, 22) .
Here, we provide evidence by real-time PCR that human PMNs express all four adenosine receptor subtypes in an almost equal relative distribution. After LPS stimulation, A 2A receptor (A 2A R) mRNA expression increases 5-fold, whereas the transcripts of A 1 , A 2B , and A 3 receptors do not change significantly. Furthermore, we investigated these issues in granulocytes of patients suffering from severe sepsis or septic shock. Expression patterns of adenosine receptor mRNA found in PMNs of sepsis patients are almost identical with those of in vitro-stimulated PMNs, which indicates a sepsis-related A 2A R up-regulation. The molecular pathways underlying the observed changes in A 2A R gene expression in human PMNs have never been investigated before. They may be due to control mechanisms at the transcriptional, post-transcriptional, or translational level. Prior studies have shown that in other cell types (e.g., mouse macrophages, primary human endothelial cells, human epithelial cells), LPS, interleukin-1 (IL-1), and TNF-␣ stimulate A 2A R expression and that NF-B and its regulatory sites may play an important role in this scenario (23) (24) (25) . However, direct evidence for NF-B stimulating A 2A R expression could only be given for IL-1 (26) . It could, therefore, not be excluded that further mechanisms in the regulation of A 2A R expression exist. In the current study, we investigated the 5Ј-UTR of the A 2A R gene as a possible gene expression regulating structure.
Upstream untranslated open reading frames [ORFs; 5Ј-untranslated region (UTR)] are well known to exert a major impact on gene expression and can serve as important regulatory elements (27) . 5Ј-UTR diversity frequently occurs in genes with critical biological functions, including G protein-linked receptors. Complex 5Ј-UTR exon structures have been described for the human melanocortin MC 2 , dopamine D 3 , and ADP-like GPR34 receptors (28 -30) . For the human and the mouse A 2A R, bioinformatic and molecular analyses suggested a complex organization of the 5Ј-UTR, with three variants of the noncoding exon 1 in the mouse and six exon 1 variants in the human gene and multiple transcription start sites (TSSs) (31) . While the murine exon 1 variants have been described in detail, the exact position, sequence, and boundaries of the human exons and the resulting transcripts have not yet been characterized. Moreover, the biological relevance needs to be proved.
In this study, the 5Ј-UTR of the A 2A R was analyzed in human granulocytes. We revealed that human granulocytes express eight different A 2A R transcripts, and we determined exactly the nucleotide sequence of the noncoding exons, including their 5Ј and 3Ј boundaries for the first time. Furthermore, we detected distinct changes in expression patterns taking place on PMN stimulation in vitro and in sepsis patients compared to healthy volunteers. On the basis of these findings, we assume that the 5Ј-UTR plays an important regulatory role in A 2A R expression in human granulocytes and therefore may be an important regulatory mechanism influencing the development and the course of inflammatory diseases.
MATERIALS AND METHODS

Patient eligibility
The study was approved by the University of Munich Institutional Ethics Committee, and informed consent for blood withdrawal was obtained from healthy volunteers, from patients, or their relatives, respectively. Patients were considered eligible for this study if they met the criteria for severe sepsis or septic shock as defined by the members of the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference Committee (32) . Healthy volunteers of comparable age and sex served as controls.
Preparation of blood peripheral neutrophils
Granulocytes were separated from whole blood of sepsis patients and from healthy volunteers as described previously (33) . Briefly, heparinized blood was mixed with an equal amount of dextran 60 (Deltaselect, Pfullingen, Germany), and erythrocytes were allowed to sedimentate for 45 min. The leukocyte-enriched supernatant was removed and centrifuged on a continuous Percoll density gradient. PMN leukocytes were harvested and washed with Hanks' buffered salt solution (HBSS), and the number of cells was counted by a Coulter Counter ® T540 (Coulter Electronics, Hialeah, FL, USA).
Cell stimulation
For LPS stimulation, cells were cultured in RPMI 1640 medium (Biofluids, Rockville, MD, USA) supplemented with 10% (v/v) fetal calf serum (FCS), 100 IU/ml penicillin, 100 g/ml streptomycin, 1 mM sodium pyruvate, 1 mM HEPES, and 1 g/ml LPS (Sigma-Aldrich GmbH, Taufkirchen, Germany) in 12-well plates at a density of 5 ϫ 10 6 cells/well. After an incubation time of 6 h, cells were harvested by centrifugation and washed with HBSS.
Western blotting
Crude membrane preparations of native and LPS-treated granulocytes were obtained as described previously (34) . In brief, cells were washed, resuspended in ice-cold PBS, and disrupted by sonication (three 10-s periods) in the presence of complete protease inhibitors (Roche Diagnostics, Mannheim, Germany). Whole cells, nuclei, and other large debris were cleared by centrifugation at 300 g for 10 min at 4°C, and the crude membrane fraction of the cleared supernatant was separated by ultracentrifugation at 50,000 g for 30 min.
Protein concentrations were determined by Bradford protein assay (Bio-Rad Laboratories, Mü nchen, Germany) with bovine serum albumin as standard. Samples (20 g protein) were boiled for 5 min in 1ϫ sample buffer containing 2-ME, electrophoresed on SDS-PAGE 4 -10% acrylamide gels under reducing conditions using the Bio-Rad protein minigel system, and transferred to polyvinylidene difluoride membranes (Bio-Rad). Loading of protein samples was monitored by staining with Ponceau Red. After overnight blocking with 5% nonfat dry milk in 0.05% Tween 20 TBS, blots were incubated with monoclonal antibodies (Abs) against adenosine A 2A R (clone 7F6-G5-A2; Upstate Biotechnology, Lake Placid, NY, USA); specificity was tested as described in ref. 35 . Ab-antigen (Ag) complexes were visualized using horseradish peroxidase (HRP) -conjugated Ab against mouse immunoglobulin G (IgG; Cell Signaling Technology, Danvers, MA, USA) and Femto chemiluminescent substrate (Pierce, Rockford, IL, USA). Prestained Protein Marker (Broad range 7720) was used and visualized with Anti-Biotin-Ab, HRP-linked (both from Cell Signaling Technology). To confirm equal loading, blots were reprobed with mouse mAb targeting ␤-actin (Cell Signaling Technology). The Gel-doc 2000 System (Bio-Rad Laboratories, Mü nchen, Germany) was used for documentation and densitometric analysis of gel band intensities.
RNA isolation and cDNA reverse transcription
Total cellular RNA was isolated from native and LPS-treated granulocytes using the RNaequous Kit (Ambion, Austin, TX, USA) with subsequent DNase treatment (TURBO DNase, Ambion) following the manufacturer's protocol. RNA was quantified using a spectrophotometer, and equal amounts from the different samples (1000 ng) were transcribed into cDNA. The RT reaction was performed using mixed random and oligo-dT primers and Superscript III RT (Invitrogen, Carlsbad, CA, USA), as per manufacturer's instructions.
RT-PCR
RT-PCR was performed using the primer pairs listed in Table  1 (synthesized by MWG Biotech, Ebersberg, Germany). The following cycling conditions were applied: 94°C for 5 min denaturing; 35 cycles of 94°C for 30 s, 57°C for 20 s, 72°C for 30 s; and a final extension at 72°C for 10 min. The PCR products were separated on 2% agarose gels and stained with ethidium bromide.
Real-time PCR
Real-time quantitative PCR (qPCR) was performed in duplicates with the Light Cycler480 instrument (Roche Diagnostics, Mannheim, Germany). For adenosine receptor quantification, Roche's qPCR Mastermix and highly specific fluorogenic primer-probe sets synthesized by Primerdesign (Southampton, UK) were used. The thermal cycler conditions comprised 45 cycles of 95°C for 15 s, 50°C for 30 s, and 72°C for 15 s.
Quantification of adenosine A 2A R splice variants was performed using Roche's SYBR green and primer sets listed in Table 1 (synthesized in HPLC grade quality by MWG Biotech). Cycling conditions were 45 cycles of 95°C for 10 s, 57°C for 8 s, and 72°C for 8 s.
Relative mRNA expression was calculated with the Relative Quantification software (Roche Diagnostics), using an efficiency-corrected algorithm based on the mathematical model of Pfaffl (36) , with standard curves and reference gene normalization against 18s rRNA. 18s rRNA was determined to be an appropriate gene for normalization, as described in ref. 37 .
5-Rapid amplification of cDNA ends (RACE)
5Ј-RACE reactions were performed with 5 g total RNA starting material using the FirstChoice RLM-RACE kit (Ambion). Gene-specific primers for 5Ј-RACE (outer primer) and nested PCR (inner primer) reactions are given in Table 2 . RNA processing and adaptor ligations were performed according to the manufacturer's instructions. Outer and inner 5Ј-RLM-RACE-PCRs were performed using Ambion's SuperTaq DNA polymerase and cycling conditions as follows: after an initial denaturation for 3 min at 94°C, 35 cycles at 94°C for 30 s, 62°C (or 63°C) for 30 s, and 72°C for 30 s were performed, followed by a final extension at 72°C for 7 min in a DNA MasterCycler (Eppendorf, Hamburg, Germany). PCR products were visualized on 2% agarose gels, and fragments of interest were cloned into the PCR-TOPO Vector (Invitrogen).
Coupled transcription/translation
A fragment covering the full-length A 2A R mRNA sequence from exon 2 to the 3Ј-UTR was amplified using a cDNA prepared from human PMNs and primers A 2A R-For and -Rev (listed in Table 1 ), introducing an XbaI restriction site in the 5Ј end and a NotI restriction site in the 3Ј end. The fragment was cloned into the pTNT vector (Promega, Madison, WI, USA) using the restriction sites KpnI and NotI in the vector's multiple cloning site. The 5Ј-UTR sequences were amplified using a cDNA prepared from native and LPS-stimulated human PMNs and combinations of exon 1 specific primers (listed in Table 1 ), thereby introducing an XhoI site in the 5Ј end and an XbaI site in the 3Ј end of all PCR products. The obtained 5Ј-UTRs were ligated into the restriction sites XhoI and XbaI of the pTNT-A 2A R vector construct. All vector constructs were verified by sequencing analysis. Coupled in vitro transcription and translation was performed on these plasmids using a TNT Quick Coupled Transcription/Translation System (Promega) and both the Transcend™ NonRadioactive Translation Detection System (Promega) and 35 [S]-methionine, according to the manufacturer's instructions. The biotinylated products (2 l of 50 l translation reaction each) were separated by 10% SDS-PAGE and visualized by binding of Streptavidin-HRP (Promega), or, in case of radioactive labeling, products were analyzed by exposing the SDS-PAGE to a PhosphorImager screen (analysis with PhosphorImager Cyclone TM , Perkin Elmer, Waltham, MA, USA). The in vitro translated products (12.5 l of each translation reaction) were also subjected to Western blot analysis as described above. The amount of plasmids used (1 g) was within a range of saturating conditions where the outcome of the transcription/translation reactions was independent of the differences in target DNA concentration introduced by the different lengths of the 5Ј-UTRs.
Sequencing analysis
Cloned fragments were analyzed by automatic sequencing using the ABI PRISM Big Dye Terminator reaction kit (Applied Biosystems, Foster City, CA, USA) and an automatic sequencer (ABI PRISM Cycle sequencing, Perkin Elmer, Boston, MA, USA) and sequencing files were analyzed with Sequencher 4.0.5 software (Gene Codes Corp., Ann Arbor, MI, USA). Nucleotide sequences were compared using the basic local alignment search tool (BLAST; National Center for Biotechnology Information, Bethesda, MD, USA), and nucleotide sequences were submitted to GenBank (accession numbers shown in Table 2 ). 
RESULTS
In human PMNs, A 2A R mRNA and protein expression is significantly increased after stimulation with LPS
To evaluate mRNA expression of the A 1 , A 2A , A 2B , and A 3 receptors in resting human PMNs, we performed real-time PCR experiments with highly specific fluorogenic primer-probe sets (sequences are given in Table  1 ). We detected transcripts of all four subtypes of adenosine receptors in an almost equal proportion, with the A 3 R mRNA being slightly more abundant than that of the other three (Fig. 1A) .
Treatment with LPS at 1 g/ml for at least 5 h induced a more than 4-fold increase of A 2A R mRNA (4.2Ϯ0.25, nϭ6; PϾ0.01), whereas transcripts of A 1 R, A 2B R, and A 3 R did not change significantly (Fig. 1B) . Extending LPS exposure up to 20 h did not lead to any further increase of adenosine receptor transcript levels. With respect to granulocyte viability, stimulation times longer than 20 h proved to be not applicable under our experimental conditions (data not shown).
To determine whether the observed LPS-induced increase in A 2A R mRNA correlates with the A 2A R protein expression, membrane fractions of native and LPS-stimulated cell were analyzed by Western blot using a monoclonal anti-A 2A R Ab. As shown in Fig. 1C , an immunoreactive band at 45 kDa was detected in native and LPS-treated PMNs; a 2.3-fold increase in A 2A R protein expression (2.3Ϯ0.5, nϭ5; PϽ0.01) was detected in PMNs incubated with LPS for 6 h (Fig. 1D) .
Granulocytes of sepsis patients express elevated levels of A 2A R mRNA
To assess whether the changes in adenosine receptor mRNA expression on stimulation found in vitro have functional implications for inflammatory diseases in vivo, we analyzed PMNs of patients suffering from severe sepsis or septic shock (nϭ6). Expression patterns of adenosine receptor mRNA found in granulocytes of sepsis patients are highly similar to those of in vitro LPS-stimulated PMNs of healthy volunteers: A 2A R mRNA is the predominantly expressed adenosine receptor transcript (5-fold more than A 1 R), followed by A 2B R mRNA (2.5-fold more than A 1 R) and equal amounts of A 1 R and A 3 R mRNA (Fig. 2) . These data indicated a sepsis-related A 2A R up-regulation and justified analyses concerning possible mechanisms underlying these transcriptional changes. Results are expressed as the mean Ϯ se percentage of total adenosine receptor mRNA analyzed in triplicate determinations in 7 independent experiments performed with different donors. B) RNA was prepared from both native and LPS-stimulated (1 g/ml LPS for 6 h) human PMNs of the same donor and subsided to quantitative RT-PCR. Data were calculated relative to 18sRNA using an efficiency-corrected algorithm. Results are expressed as the mean Ϯ se change of subtype-specific adenosine receptor mRNA relative to native PMNs, analyzed in triplicate determinations in 6 independent experiments performed with 6 different donors. *P Ͻ 0.01 vs. native PMNs. C) Membrane fractions from both native and LPS-stimulated (1 g/ml LPS for 6 h) human PMNs of the same donor were prepared, and protein content was determined. 
In human PMNs, the 5-UTR of the A 2A R gene consists of 5 noncoding exons that lead to the expression of 8 different transcripts
For the human adenosine A 2A R, a complex 5Ј-UTR with multiple upstream noncoding exons is described. Using 5Ј-RACE and RT-PCR experiments on human PMN RNA (RACE-primers are given in Table 1 ), we identified 5 variants of the noncoding exon 1 (designated E1A, E1B, E1C, E1D, and E1E) being expressed in human granulocytes (Fig. 3B) . We found 8 distinct A 2A R transcripts in which the 5 different exon 1 variants alone or in combination are fused to a common splice acceptor region (position Ϫ273, relative to ATG at position 0), and to a common 2100 bp A 2A R ORF (Fig.  3A) . Since leader exon variation is considered a manifestation of alternative promoter usage, mRNA transcripts consisting of a single exon 1 indicate the existence of different alternative promoters and TSSs. We also found mRNAs including more than one exon 1 sequence that are likely to be generated by alternative splicing. In transcripts E1B short and E1C b , the leader exon is spliced to exon A, which then is spliced to the common acceptor site in exon 2 (Fig. 3A) . Furthermore, two unspliced A 2A R transcripts exist (E1A long , found by 5Ј-RACE, and E1B long , identified by RT-PCR and direct sequencing), both containing the complete genomic region spanning between exon E1A and E2 and E1B and E2, respectively.
In human PMNs, the A 2A R mRNA expression pattern distinctly changes after stimulation with LPS
To elucidate the physiological significance of the A 2A R 5Ј-UTR isoforms, the expression of these mRNA variants was evaluated in human granulocytes by conventional RT-PCR. In each amplification reaction, a forward primer targeting a single exon 1 variant was A) The 5Ј-UTR of the A 2A R gene consists of at least 5 different exon 1 variants: E1A, E1B, E1C, E1D, and E1E (size and genomic positions relative to ATG at position 0 are shown). These exon 1 variants are spliced (alone or in combination) to a common exon 2 splice acceptor region (position -273, relative to ATG at position 0), and to a common 2100 bp A 2A R ORF that is located in exon 2. In human PMNs, 8 different A 2A R transcripts could be detected: 1) 4 short transcripts in which the different exon 1 variant alone is fused to the common splice acceptor region; 2) 2 transcripts, including more than one exon 1 sequence: in transcripts E1B short and E1C b , the leader exon is spliced to exon A, which then is spliced to the common acceptor site; and 3) 2 unspliced A 2A R transcripts (E1A long and E1B long ) both containing the complete genomic region spanning between exon E1A and E2 and E1B and E2, respectively. B) 5Ј-RACE analysis of A 2A R mRNA. mRNAs from native and LPS-stimulated human PMNs were subjected to 5Ј-RACE analysis. The PCR products were resolved on 2% agarose gel and stained with ethidium bromide. PCR products were subcloned into TOPO, and sequenced. MM, molecular marker; N, native PMNs; S, LPS-stimulated PMNs.
combined with a common reverse primer targeted to exon 2. Design of primer pairs was based on the sequences obtained by the RACE experiments. Primer sequences are depicted in Table 1 , and all PCR products have been confirmed by DNA sequencing. As shown in Fig. 4A , resting granulocytes of healthy persons mainly express the long versions of exon E1A and E1B (both containing the complete genomic region spanning between exon E1 and E2, including those regions that seem to be recognized as "intronic" in all other mRNA variants and therefore are spliced out) and exon E1D and E1E. No PCR bands, or only some that were extremely weak, were detectable for the short isoforms of exon E1A and E1B (E1A short , E1B short ) and both E1C variants. Treatment with LPS for 6 h not only led to an increase in overall A 2A R mRNA as described above, it also induced distinct changes in the A 2A R mRNA expression pattern: transcription of E1A short , E1B short , and both E1C isoforms was induced, and expression of E1D appeared to be enhanced (Fig. 4A,  right panel) .
Next, we performed real-time PCR experiments to determine exactly the proportion of the A 2A R splice variants in resting human PMNs and to quantify the changes occurring on LPS-stimulation. To distinguish between the short and the long variant of E1A, E1B, and E1C transcript isoforms, the following methods were applied: 1) short PCR extension times were used that specifically amplified the short isoforms (verified by agarose gel electrophoresis), and 2) additional reverse primers were designed that specifically amplified the long transcript version. Primer sequences are diagrammed in Table 1 . Quantification of A 2A R transcripts revealed exon E1A long to be predominantly expressed in resting human PMNs (45%), followed by E1B long (21%), E1D (11%), and E1E (9%). Figure 4B shows the relative distribution of all detectible A 2A R transcripts. After stimulation with LPS, transcription of all detectable mRNAs increased, due to the transcriptional A 2A R up-regulation shown above. However, the extent of the increase differed considerably for each splice variant, leading to a completely changed A 2A R mRNA expression pattern. Figure 4C shows the mean percentage of transcript isoforms of total A 2A R mRNA: all exon 1 variants are expressed in an almost equal proportion, with exon E1A short being slightly more abundant (14%) than the other isoforms, and E1B short being the rarest transcript (9%).
A 2A R mRNA expression patterns are highly similar in granulocytes of sepsis patients and in LPS-stimulated cells of healthy volunteers
The in vitro experiments led to the conclusion that in human PMNs, a shift from splice variants of the A 2A R with long 5Ј-UTRs to those with relatively short 5Ј-UTRs takes place on LPS stimulation. We now investigated these issues in PMNs of patients suffering from severe sepsis or septic shock (nϭ6), which all exhibited A 2A R mRNA expression patterns highly similar to those of in Figure 4 . A 2A R mRNA expression patterns of human PMNs distinctly change after stimulation with LPS. A 2A R transcripts of human PMNs were analyzed by conventional RT-PCR and real-time PCR using transcript-specific primer pairs. Therefore, RNA was prepared from both native and LPS-stimulated (1 g/ml LPS for 6 h) human PMNs of the same donor; 6 independent experiments with 6 different donors were performed. A) RT-PCR with exon-specific primer pairs. The PCR products were resolved on 2% agarose gel and stained with ethidium bromide. A representative agarose gel is shown. MM, molecular marker; C1, control PCR reaction performed with primer pair E1A and not reverse-transcribed RNA as a template to check for undigested DNA; C2 and C3, control RT-PCR reactions with primer pairs specific for ␤-actin with cDNA from native and stimulated PMNs, respectively, to check for equal template amounts. B, C) Adenosine A 2A R transcripts in native (B) and LPS-stimulated (C) human granulocytes, as assessed by real-time quantitative RT-PCR. Data were calculated relative to 18sRNA using an efficiencycorrected algorithm. Results are expressed as the mean Ϯ se percentage of total A 2A R mRNA analyzed in triplicate determinations in 6 independent experiments performed with different donors. n.d., not detectable.
vitro LPS-stimulated PMNs of healthy persons (Fig. 5A) . Transcripts with short 5Ј-UTRs are the predominant mRNA species. Quantification of all transcripts proved an E1A long expression of 20% and almost equal proportions of E1A short, (15%), E1D (14%), and E1E (13%), followed by E1C b (11%), E1C a (9%), and E1B short (7%) (Fig. 5B) .
Translation efficiency of A 2A R 5-splice variants
The impact of different 5Ј-UTRs on the translation efficiency was analyzed using coupled transcription/ translation in a reticulocyte lysate system. Plasmids harboring 7 different 5Ј-UTRs (denoted 5Ј-UTR: A-E in Fig. 3A ) placed in front of the A 2A R coding region were analyzed. As both C transcripts were always found to be expressed in an equal proportion, C b was regarded to be representative for both C-transcript isoforms. Translation products were resolved by SDS-PAGE followed by different analytic procedures. Biotinylated translation products were visualized by chemiluminescence, 35 [S]-labeled products were analyzed with a PhosphorImager system, and translation reactions without labeling were subjected to Western blot analysis using an A 2A Rspecific Ab. In all cases, protein bands of compatible sizes (ϳ45 kDa) were detectable. It clearly could be shown that transcripts with short 5Ј-UTRs (A short , B short , D, and E, with an emphasis on A short , D, and E) are more efficiently translated into protein than those with long 5Ј-UTRs (Fig. 6) . Transcript isoform C b exhibited almost no protein translation in all experiments, suggesting a minor role of the C-transcript isoforms in the regulation of A 2A R expression. Low overall translation efficiencies required long exponation times, leading to a strong unspecific background. Therefore, reliable quantification of the translated protein was not possible.
DISCUSSION
A key step in the pathogenesis of sepsis is the excessive and uncontrolled activation of PMNs. An inflammation-controlling function of adenosine receptors has been presumed;
Immunomodulatory effects of adenosine via occupancy of adenosine receptors are numerous. Expression and regulation of adenosine receptors in human PMNs have not been analyzed conclusively so far; in particular, their role in PMNs of sepsis patients is poorly defined. In the present study, we show that native human PMNs express all four subtypes of adenosine receptor mRNA in an almost equal relative proportion. After stimulation with LPS for 6 h, A 2A R mRNA expression increases 5-fold, whereas the transcripts of A 1 , A 2B , and A 3 receptors do not change significantly, and amounts of A 2A R protein increase 2.6-fold. A 2A Rs have been conclusively implicated in the natural antiinflammatory mechanisms and are well known to inhibit overactive immune cells during acute inflammation, which limits inflammatory collateral tissue damage (8, 38) . Insofar, it is not surprising that A 2A R expression in human PMNs increases on stimulation. The need to develop a maximum inflammatory response to infec- tious agents on the one hand and the necessity to protect tissues from an overwhelming immune response on the other hand may in this way be kept in balance. The observed changes in A 2A R mRNA expression may be due to transcriptional control mechanisms, which have not been investigated so far.
The human A 2A R gene consists of two coding exons separated by a single intron leading to the translation of a 45 kDa protein. In view of this genetic organization, the existence of multiple mRNA transcripts with varying regulatory susceptibility appears to be unlikely. In the current study, we investigated the 5Ј-UTR of the A 2A R gene in human PMNs as a possible gene expression regulating structure, and we showed that the genetic structure of the human A 2A R is more complex than previously reported. The 5Ј-UTR of eukaryotic mRNAs plays a crucial role in the post-transcriptional regulation of gene expression through the modulation of translation efficiency, message stability, and subcellular localization. Structured 5Ј-UTRs frequently occur in certain classes of genes, including many genes involved in the control of cellular growth, differentiation, embryonic development, and stress (39 -41) . For the human and the murine A 2A R, such a complex organization of the 5Ј-UTR was suggested by Yu et al. (31) in a single report using bioinformatic and RT-PCR analyses. While the murine 5Ј-untranslated exons were described in detail, including the complete sequence data, uncertainties continue to exist as to the exact position, the nucleotide sequence, and the 5Ј and 3Ј boundaries of the human exons. Furthermore, neither have the resulting transcripts been characterized nor the biological relevance of these findings proved.
In the present study, we have identified and fully characterized the A 2A R 5Ј-UTR in human granulocytes. Using 5Ј-RACE and genomic sequencing, 5 distinct untranslated exons (E1A, E1B, E1C, E1D, and E1E) were found, spanning over 9.4 kb on chromosome 22. All of the exon 1 transcript variants have a unique splice donor site and share a common splice acceptor site in exon 2. Since leader exon variation is considered a manifestation of alternative promoter usage (42, 43) , transcripts consisting of a single exon 1 are most likely be generated by the use of different alternative promoters and TSSs. We have also identified mRNAs including more than one exon 1 sequence; those may be generated by alternative promoter usage plus alternative splicing. Because the 5Ј-UTR part downstream from the splice acceptor site contains an inframe TGA stop codon located 21 bp upstream from the ATG translation start site, all the different transcripts do not alter the coding sequence of the A 2A R protein, but they may serve as regulators of gene expression.
Initiation of translation is one of the most important steps that influences the level of gene expression, and-based on the scanning model for translation-an efficient translation needs 5Ј-UTRs that are moderately short, have a low GC content (Ͻ65%), are unstructured, and do not contain upstream AUGs (uAUGs) (38, 44, 45) . We analyzed the 8 A 2A R 5Ј-UTR variants with respect to these features using the Mfold algorithm (46) to identify complex secondary structures and to calculate the Gibbs free energy values. As shown in Table 2 , the splice variants A long and B long , which are predominantly expressed in resting human granulocytes, have features likely to adversely impact translation, most notably extensive secondary structures (as reflected in free energy values), and the presence of many uAUGs. Therefore, translation efficiency of these mRNA variants is expected to be rather poor. After stimulation with LPS for 6 h, transcripts with significantly shorter 5Ј-UTRs bearing features that may positively influence translation (such as lower GC contents and free energy values and fewer uAUGs) are the predominant mRNA species, whereas the expression of A long and B long is considerably decreased. The short variants D and E are expressed in both native and stimulated PMNs with a proportion of 9 -14%, which indicates that these short transcripts may fulfill "housekeeping" functions to ensure basal A 2A R expression levels in native PMNs.
We demonstrated that all of these findings obviously can be transferred directly to sepsis, which is characterized by excessive activation of granulocytes: PMNs of sepsis patients exhibit elevated levels of A 2A R mRNA, with transcript expression patterns predominantly containing the short 5Ј-UTR splice variants. This finding suggests that the presently reported distinct changes of A 2A R mRNA expression taking place on granulocyte activation are regulated by activation state-specific alternative promoter usage and/or splicing. Because the A 2A R is well known to "put the brake on inflammation" (47), we suppose that these complex patterns of regulatory mechanisms to control the expression of this gene are a key point in the clinical course of sepsis.
Generally, splice variants of untranslated leader exons are associated with alternative promoter usage, which is well known to result in tissue-or cell typespecific gene expression. To the best of our knowledge, this is the first report demonstrating a differential, activation state-specific expression of 5Ј-UTR variants within the same cell type, which indicates a new, previously not considered possibility to achieve diversity of gene expression.
The exact determination of translation efficiencies of the 8-splice variants found in human PMNs remains elusive because primary human granulocytes are barely suitable for transfection experiments. Even the recently reported new method of nucleofection resulted in poor transfection efficiencies, which restricted subsequent analyses to experiments that use single cells (48) . Transferred to our experimental setting, these limitations would be further complicated by the necessity of stimulation with LPS for several hours, requiring fully viable cells as a prerequisite. Therefore, reporter gene assays to determine the exact translation efficiency of the A 2A R transcripts in human PMNs are not a promising approach within the framework of this study. The same applies to experiments with the cell lines HEK293 and HL60, which either lack the TLR4 (49) or possess incomplete LPS-responsive signaling pathways (50) and are therefore not representative for the questions analyzed here. To obtain at least indirect experimental support for the analytical data, we performed in vitro transcription/translation studies with reticulocyte lysate. As expected, the translation efficiency of the A 2A R protein (as a low abundant receptor protein) in its "physiological" genetical surrounding leads to low translation efficiencies, which did not allow a reliable densitometric quantification. However, Western blots of the translation reaction clearly showed that transcripts with short 5Ј-UTRs are more efficiently translated into protein. In particular, the transcript isoforms A short , D, and E appear to be most important in the up-regulation of A 2A R expression.
Further extensive studies focusing on the analysis of sepsis patients are required to elucidate the exact relation between A 2A R expression patterns and clinical course of sepsis. If a correlation exists among course, duration, and prognosis of the disease and differential expression of 5Ј-UTRs, the determination of A 2A R transcripts may be a promising and easy-to-handle new prognostic marker, which might be a useful clinical tool to improve the treatment concepts of sepsis.
In summary, the present study suggests that in sepsis as an example for human inflammatory diseases, transcriptional and/or splicing mechanisms of the A 2A R found in activated PMNs are altered from transcripts with long to those with short 5Ј-UTRs, which contributes to up-regulation of A 2A R gene expression. This may be an important event determining the further course of the disease by limiting the inflammatory process and thereby preventing further collateral tissue damage.
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